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® A method of forming silicon oxy-nitride films by plasma-enhanced chemical vapor deposition. 

S *e outlet being iarger than the inlet for enhancing the dissociate and reactvrty of the gas. 
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FIELD OF THE INVENTION 

The present invention generally relates to an improved method of forming silicon oxy-nitride films in a 
p, as ma!enhanl chemicaUapor deposition (PECVD) process and more P^^"^"^. 
method of forming silicon oxy-nitride films in a PECVD process substantially wrthout us,ng ammon.a as a 

reactant gas. 

BACKGROUND OF THE INVENTION 

PECVD is a process widely used in the manufacture of semiconductor devices for the deposition of 
iJ^oZ^s on'substrates including that of an insulating glass in body 
is placed in a vacuum deposition chamber equipped with a pa.r of parallel plate electrodes or othe 
epical sources. The substrate body is generally mounted on a susceptor wh.ch also serves as the lower 
electrode A flow of a reactant gas is provided in the deposition chamber through a gas .nlet man.fo.d whK* 
Serves as t h e upper electrode, a' radio frequency (RF) voltage is applied between the two , eiectrodes 
whTch generate an RF power sufficient to cause a plasma to be formed in the reactant gas. The ptasma 
ct sas °he reactant gas to decompose and deposit a layer of the desired matenal on the surface o the 
Sate body AddLnal layers of other electronic materials can be deposited on the first layer by 
IvS in the deposition chamber a flow of a reactant gas containing the materia, of the 
Tr^ deposited. Ea^h reactant gas is subjected to a plasma which results in the depos.t,on of a layer of the 

T a'cotttiona. PECVD method used to produce si.icon oxy-nitride fi.ms, an 
chemistry is used which requires a reactant gas mixture of silane, nitrous ox.de. ammon.a and nrtrogen In 
^ranvnonia-based reaction, silane supplies the si.icon content of the film, n.trous ox.de supphe the 
oxygen Content of the film, ammonia supplies the nitrogen content of the film and n.trogen gas ^functions as 
aXent Ammonia is typically used as the source of nitrogen in a silicon oxy-n.tnde deposition process by 
the PECVD technique because it is very difficult to break down the tripie bond structure ,n ntrcxjen gas_ 

.n recent years, the deposition of silicon oxy-nitride fi.ms as a final pass.vat.on layer on ' ^.conductor 
device has biome an important processing step in the manufacture of th.n f..m transfers 
of thin film transistor has been used to separately address areas of a liqu.d crystal cell conta.ned between 
Zo gZ plates at very fast rates. They are useful for active matrix displays such as those used .n TV and 

"TneTa^n oxy-nitride film is deposited as the final passivation layer on a thin film transistor, its 
deJSion immature is greatly limited due to the presence of the .ayers a.ready bui.t-u P on the trans,sto 
tSZr sensLty to high temperature, The temperature ^^S^HS 
silicon oxy-nitride layer is frequently limited to a temperature of less than 250 C. This P ocess.ng 
temple is significantly lower than that normally used for the deposition of s.l.con oxy-n.tr.de films on S, 
<5iih<5trates bv a PECVD process, i.e., between 350 to 450 • C. 

t a low pressing temperature of less than 250-C, the ammonia-based chemistry for the formats of 
silicoTox^Le films causes many problems in the quality of the fi.ms produced^ Problems such as 
StyTnd low density are believed to have been caused by the high content hydrogen atorns.n he 
fTm contributed by the hydrogen-rich ammonia. The si.icon oxy-nitride fi.ms formed at such ow process ng 
empeJures by the ammonia-based chemistry contain .arge numbers of pores wh.ch are M™ 8 "^^ 
Son of the film as a passivation layer. A porous passivation layer would no longer serve nte protecfive 
function against either physical abrasion or the penetration of contam.nants. The conventional method of 
uing Lmonia-based chemistry in producing silicon oxy-nitride fi.ms on thin fi.m trustors .s therefore 

""TsCef^ present invention to provide a method of producing si.icon oxy-nitride 

films at low processing temperatures without using an ammonia-based chemistry. 

It is anoL object of the present invention to provide a method of produc.ng ^^^LS 
thin film transistors by a PECVD process at a processing temperature lower than 250 C substantially 

^\::?^r^ * ^ an ^ method - *» o Z 

nitride films on thin film transistor substrates by a PECVD method in which a depos.t.on rate of h.gher than 
55 200 nm/Min can be achieved at a low processing temperature. 
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SUMMARY OF THE INVENTION 

The invention is defined in claims 1, 7 and 12. respectively. Particular embodiments of the invention are 

r^JfSStl- provides an improved method of forming silicon « 
ubTates i a plasma-enhanced chemical vapor deposition chamber at a low P^ s ^Xs ^izes a 
in a oreferred embodiment, the improved method of producing s.hcon oxy-n.tr.de films uftl.zes a 
reac^ant gas mSre ofsi^e. nitrous oxide and nitrogen at a low deposition temperature of less han 
25oTby 7ow" e reactant gas mixture through a gas inlet manifold. Preferably, the gas .n.et man. fold .s 
To an eleSe in a plasma-enhanced chemical vapor deposition chamber. The gas .n.et man.fold .s ^one 
p^f a^lel plat plasma chamber for communicating the reactant gas into the chamber Th .plate 
iTa lZZ of apertures, each comprising an outlet at a chamber or process.ng s.de of the plate and an 
Si s^ from the processing side, w*h the outlet being larger than the .nlet for enhancing the 

the dissociation of nitrogen gas contained in the reactant gas mirfure 
and pTovXs the nitrogen requirement of the silicon oxy-nitride films. The react.on proceeds X a 
rate. Le a. about 200 nm/Min., even at low processing temperatures of less than 
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Pr0 ^rpr^^enfiS'is further directed to silicon oxy-nitride films produced by an ammonia-free 
chenSryTul a reactant gas mixture of silane. nitrous oxide and nitrogen. *rfr films can be produced 
in a manufacturing process conducted at a low processing temperature of less than 250 C and at a 
satisfactory deposition rate. 

BRIEF DESCRIPTION OF THE DRAWING 

Other objects features and advantages of the present invention will become appar ent upon < consider- 
ation «5 me ^cation and the appended drawing of a schematic sectional v.ew of « Plasma-enhanced 
^^TSpo-bon chamber in which the method in accordance w«h the present .nvenfon can be 

carried out. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The omsera invention includes an improved method of forming sifen oxy-nitnde films in a plasma- 
enfTed^rC deposito chamb* b» an amm.nia.frce p,o«*s a, a ,e,af«» fo. process 

H~™jo^rs 
£~^,s^r^ 

horizontally between the susceptor 18 and the bottom wall 22 of the depos.t.on chamber 12 substant,ally 
SS^tlitSUr 18 and is vertically movable. Lift-off pins 26 project vertically upwardly from the * 
7£?^££«fi* 26 are positioned to be able to extend through lift holes 28 .n the -sceptoM^ 
, l P at of a length sHghtly .onger than the thickness of the susceptor 18. While there are only two ,£o« 
Dins 26 shown in the figure, there may be more of the lift-off pins 26 spaced around the hft-off plate 24^ A 
outletTelnds Lugh a side wall 32 of the deposition chamber 12 and is connected tc > means < of 
SLn formating the deposition chamber 12. A gas inlet pipe 42 extends into the f.rs, electrode or the 
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nas inlet manifold 16 of the deposition chamber 12, and is connected through a gas switching network (not 
s vjto - ^ ces nofshown) of various gases. The firs, etectrode 16 is connected to an RF^wer source 
36 T ransfer paddle (not shown) is typically provided to carry substrates through a ^ load-lock do* _(not 
shovl IZ > L^eposition chamber 12 and onto the susceptor 18, and also to remove ^"""J^ 
frorTl deposition chamber 12. Before the deposition process of the .nvent.cn, the substrate 38, which .s a 

chambeTl 2 Sds placed on the susceptor 18 by the transfer paddle (not shown). The «^»«er. 
Z to e*end ove f \e lit, hol^ 

S 2 ""-6 ^extend thigh the holes 28, and the su = 
Tand suSSe 38 are relatively close to the first electrode 16. The electrode spacng or the distance 
« the surface and the discharge surface of the gas inlet manifold 1 .s between about 0.5 

to about 2 in A more preferred electrode spacing is between about 0.8 to about 1 .4 .n. 

After the deposition chamber 12 is first evacuated through the gas outlet 30, a reactant gas rn.xU.re 
corned ^f SSTSou. oxide and nitrogen is then fed through the gas ^l^sT^Jl 
the oas inlet manifold 16 into the chamber 12. The face plate 44 of the gas .nlet man.fold 16 incor P° ra * s * 
ame numblr of ctosely packed specially configured holes or apertures 40. Each aperture 40 nas an .nlet of 
S^Tmrt cross-ictiona. dimension on the gas inlet side (or the relatively high pressure side of tte 
!£2to7i6 and an outlet of relatively large dimension on the gas outlet s.de or ^ «"«"*^ 
Lide)Tthe gas inlet manifold 16. This increasing hole diameter in the directs of gas flow greases the 
dSociLSn aTd Z reactivity of gases such as nitrogen and thus increases its d,ssoc,a1,on rate and 

sr-g"^ 

^d^ 

aS Se 44 incorporating the apertures 40 therefore provides sufficient nitrogen d.ssoc.at,on and con- 
sZei h^h sZn oxy'itride film deposition rate without the use of an ammon.a-based gas chem.stry 
as in conventional silicon oxy-nitride film deposition processes. , 4 ^ „ „^, rtn «; 

l7cZ out the present invention, the pressure in the deposition chamber .s set at between about 0_5 
a n ri ?hmrt 3 5 torr^e RF power source 36 is turned on to provide RF power between the f.rst electrode 
Te^s^slr^ the reactan, gas mixture. The power is ^ about 50 and 

»hn.rt 2 000 watts with the total power requirement based on the area of the substrate 38 such hat .t .s 
SenUo geTeraTe a P asma in'the reactant gas mixture. The substrate 38 is subjected tc . he plasma £ 
the lactam gas mixture for at least one second, and preferably between about 2 to 5 seconds^ The plasma 
reactant gas to decompose and deposit a layer of silicon oxy-nitride mater.a. on the surface of 
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TCemperature of the substrate 38 during deposition is maintained at between about 150 and about 
250? STSEIly. between about 180 and about 210'C. This is a re.at.vey low P roces,ng 
femoeiafcTre and is made necessary in order not to damage the previously deposed layers on the 
sTnce a silicon oxy-nitride .ayer is frequently the final passivation layer on sue* -J*—^ 
reactant gas mixture is maintained by flowing the various reactant gas component .nto 
suitable flow rates. For instance, for the stated substrate area, silane « normal. y flowed J a r^e oj^tween 
150 to 500 seem nitrous oxide is flowed into the chamber at a rate of between 100 to 2 00C seem, and 
roqenTfloTd 1 the chamber at a rate of between 500 to 5,000 seem. In generate th.ckness of the 
s Sn oxv-Se film layer deposed for passivation purpose varies between about 400 to about 800 nnv 
*™:Z?Zo.eJ** Torder to produce satisfactory si.icon oxy-nitride films 
in the film must be maintained within a specific range. An optimum range ^."^^T^ 
indicated by a refractive index measurement of such films .n between about 1.5 ; to about aim 
meas^ment of refractive index on the film samples is a simple and reliable method of determ.n.ng he 
ZITSIS the film. For instance, in a si.icon dioxide film where no n.trogen -s present, the 
rctiVeTndrmeasurement is approximately 1.46. On the other hand in a silicon «"\»^ 
n««n P n is oresent the refractive index measurement is approximately 1.95. It is therefore a simple ana 
ZZ^ J^Sxo detect the nKrogen content in a silicon oxy-nitride film by measunng .ts refraCve 
inrtpy it can also be used as a reliable quality control method for a manufacturing process. 

The ^eint invent can be further i.lustrated in the following Examples 1 through 4 where Examples 
1 anT 2 P ar?"o sLon oxy-nitride film depositions using the conventions 

process. Examples 1 and 2 are presented as a comparison to show the bene*, achieved by the present 

invention as illustrated in Examples 3 and 4. 



4 



EP 0 661 732 A2 



Example 1 
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f!nm no np nts/ProDG rties 


Values 


oiri4 


200 seem 


NH 3 


400 seem 


N 2 0 


1 ,000 seem 


N 2 


2,000 seem 


RF Power 


1 ,225 watts 


Pressure 


1.2 torr 


Electrode Spacing 


1,100 mils 


Susceptor Temp. 


205 «C 


Substrate Temp. 


190-C 


Refractive Index 


1.54 


Wet Etch Rate 


4,718 A/Min. 



The wet etch rate test is used to determine the film quality, i.e., the lack of porosity thereof, of the 
silicon oxy-nitride films produced. It is conducted in a 6:1 buffered HF solution. The higher the number 
obtained the larger the number of voids or pores are present in the film. A wet etch rate of less than 3,000 
A/Min is considered an acceptable level of film quality in the manufacture of silicon oxy-mtnde films as 
passivation layers. 
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Components/Properties 


Values 


SiH 4 


100 seem 


NH 3 


400 seem 


N 2 0 


1 ,000 seem 


N 2 


4,000 seem 


RF Power 


1,225 watts 


Pressure 


1 .2 torr 


Electrode Spacing 


1,100 mils 


Susceptor Temp. 


205 *C 


Substrate Temp. 


190-C 


Refractive Index 


1.55 


Wet Etch Rate 


4,734 A/Min. 



Comparative Example 2 is another example utilizing the conventional ammonia-based chemistry. The flow 
rate of N2 is doubled from that of Comparative Example 1 which failed to result in any improvement in f.lm 
properties as indicated by the wet etch rate. 
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Co m po n ents/ r rope™ e» 


Values 


SirU 


160 seem 


NH 3 


0 


N 2 0 


400 seem 


N 2 


1 ,600 seem 


RF Power 


1,200 watts 


Pressure 


1 .2 torr 


Electrode Spacing 


1,100 mils 


Susceptor Temp. 


205 -C 


Substrate Temp. 


190 °C 


Refractive Index 


1.533 


Wet Etch Rate 


1,816 A/Min. 



.nventive Example 3 shows the present invention that no ammon.a gas need be used. T ^refrartve 
index measurement indicates an adequate amount of nitrogen has been mconoorate l "**"JT 
20 etch rate data indicates good film quality and a low content of vo.ds or pores m the Mm produced. 



Example 4 
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Components/Properties 


Values 




SiH 4 


200 seem 




NH 3 


0 




N 2 0 


500 seem 


30 


N 2 


2,000 seem 




RF Power 


1,500 watts 




Pressure 


1.0 torr 




Electrode Spacing 


1,100 mils 




Susceptor Temp. 


205 °C 


35 


Substrate Temp. 


190*C 




Refractive Index 


1.568 




Wet Etch Rate 


1 ,940 A/Min. 
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Inventive Example 4 also shows the present invention in which no ammonia gas has been used. The 
oas Z atesTor S N 2 0 and N 2 and the RF power used are higher than that shown m Example 3 The 
ores uTe in the rUction chamber used is slightly .ower than that in Example 3. Again, a s-Lcon oxy-n.tr.de 
Caving SSSc** content as indicated by the refractive index measurement is ob,a,ned. The wet 
etch rate of 1 940 indicates a good film quality is obtained with few pores in the film. _ f 

Mhouqh Spies 3 and 4 have not included the use of any ammonia, it ,s expected that small 
amount of ammorTsubstantia.ly less than the ammonia content of the prior art, would not senous y 
Zade iTneficia. results of the invention. For instance, to use a reactant gas m.xture : that .s 
tZZX ammonia free would mean a reactant gas mixture that contains ammonia flown ,n at a flow rate 

0< ' WhHfpSent invention has been described in an illustrative manner. Kshouid be understood tha, 
the terminology used is intended to be in a nature of words of description rather than of 

FurtSZe while the present invention has been described in terms of a preferred embod.men 
thjritTto'be appreciated that those skilled in the art will readily apply these teachings to other 
nobble variations ofThe invention. For instance, other nitrogen-source gases may be surtably used to 
llac r^TSSn g- *mn in the preferred embodiment to supply the nitrogen content ,n the ,nv 
SeTsil ^source gases than silane may be suitably used as the source gas for the ^ 
T SiSv ToL'oxygen-source gases than nitrous oxide may also be used to suppfy the oxygen 
content of the silicon oxy-nitride film. 
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Claims 

1 A method of depositing a silicon oxy-nitnde fi.m on a substrate (38) at a deposrtion temperature o. .ess 
JnanTsO • C by [Ising a reactant gas mixture that is substantially ammon.a free. 

* rrsaTSnr^xture comprises a silicon-source gas. an oxygen-source gas and a 
nitrogen-source gas. 

a A method according to claim 1 or 2, 

wherein said substrate (38) is a thin film transistor. 

4. A method according to claim 1 or 2, eiirwvir t 
wherein said substrate (38) is a thin film trans.stor on a glass support. 

apparatus (10). 

A substrate having a silicon oxy-nitride fi.m deposited thereon according to the method described in 
any of claims 1 to 5. 

7Z.1STS>T^ . n*«» -d"-** no. caning 

tagtn ol lime such that a silicon o*y-nit,id. «n> is deposed on sari substrata (3S>. 

9. A method according to claim 7 or 8. 

wherein said substrate (38) is a partially formed th.n film trans.stor. 

,,. A substrate having . silicon oxy-nhrid. *» deposited themon by a method according to claim. 7 lo 10. 
loading . substrate (38) into said (xasma-enhanced Mnl vapo, depo»on chamber (12), 

46 said gas inlet manifold (16), hQr «Kor mm anri 

said silicon oxy-nitride film deposited is substantially without voids. 
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ISSKS e^i'^ced ,s , hna, pa— .,.r on said — » 
* JETJES SirJIS- . index between afcoot 1 .5 lo about 
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solution of not higher than 300 nm/min (3.000 A/Mm). 

, 5 pS*, -L««d at b*-« 66 68 ar,d 466.62 Pa (0.5 and 3.5 to* 

20. * slicon oxy-nitrida «n p.odocad wafting to M roetnod of any ol claims .2 to 19. 

21. A «n film transistor produced according lo tie mettaj of any ol claims 12 lo 19. 
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